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(54) Automated teller machine 

(57) An automated teller machine for handling a pa- 
per money (B), has a paper money path (5) for transfer- 
ring the paper money (B) along a predetermined-direc- 
tion, and a detector (20) for measuring a condition of the 
paper money (B) : comprising a light beam emitter (21 , 



22) for emitting a light beam toward the paper money 
(B), and a light beam receiver (23) for receiving at least 
one of the light beam reflected by the paper money (B) 
and the light beam passing through the paper money 
(B). 
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Description 

BACKGROUND OF THE INVENTION AND RELATED 
ART STATEMENT 

[0001] The present invention relates to an automated 
teller machine for handling a paper money. 
[0002] JP-B2-3-74431 discloses an automated teller 
machine in which whether or not a paper money is new 
or old is judged on the basis of a quantity of light passing 
through the paper money. 

[0003] JP-A-1 0-1 34225 discloses an automated teller 
machine in which a paper money treating velocity is 
changed in accordance with a kind of the paper money 
and a wearing degree of the paper money. 
[0004] JP-A-1 0-21 3581 discloses a method for meas- 
uring a rigidity of a paper money by measuring a reaction 
force of the paper money while being deformed. 
[0005] JP-A-1 -256435 and J P-A-8- 194859 disclose 
an automated teller machine in which a skewed paper 
money, a misaligned paper money and a worn paper 
money is returned to a gate way of the automated teller 
machine. 

OBJECT AND SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide 
an automated teller machine for handling a paper mon- 
ey, in which a cut in the paper money and/or an exces- 
sively decreased rigidity of the paper money is securely 
detected. 

[0007] An automated teller machine for handling a pa- 
per money according to the present invention, compris- 
es a paper money path for transferring the paper money 
along a predetermined direction, and a detector for 
measuring a condition of the paper money, comprising 
a light beam emitter for emitting a light beam toward the 
paper money, and a light beam receiver for receiving at 
least one of the light beam reflected by the paper money 
and the light beam passing through the paper money. 
[0008] Since the detector measures a condition of the 
paper money, by a light beam emitter for emitting a light 
beam toward the paper money, and a light beam receiv- 
er for receiving at least one of the light beam reflected 
by the paper money and the light beam passing through 
the paper money, the condition is optically detected on 
the basis of the at least one of the light beam reflected 
by the paper money and the light beam passing through 
the paper money. 

[0009] If the automated teller machine further com- 
prises a paper money deforming device for applying to 
the paper money at least one of a tension in at least one 
of a first direction parallel to the predetermined direction 
and perpendicular to a paper money thickness direction 
and a second direction perpendicular to the predeter- 
mined direction and the paper money thickness direc- 
tion, a compression force in at least one of the first and 
second directions, and a pair of forces away from each 



2 

other in at least one of the first and second directions 
while directions of the forces are opposite to each other 
in the paper money thickness direction, so that at least 
one of a width of a clearance in the paper money ex- 
5 tending from an edge of the paper money and a width 
of a clearance in the paper money prevented from ex- 
tending from the edge of the paper money is expanded 
by the paper money deforming device, the clearance or 
cut in the paper money is securely detected. The at least 
10 one of the tension, the compression force and the pair 
of forces may be applied to the paper money at at least 
one of upstream and downstream sides of the detector 
in the predetermined direction. If the paper money de- 
forming device includes at least one roller rotatable on 
15 an axis parallel to the second direction and a rotatable 
supplemental roller, the roller includes a tapered surface 
adapted to contact the money paper in the second di- 
rection and to be pressed against a peripheral surface 
of the supplemental roller, and the tapered surface in- 
20 eludes elastomer, the at least one of the tension and the 
compression force is easily generated without an incli- 
nation of a rotational axis of the roller with respect to a 
rotational axis of a paper money feeding roller on an im- 
aginary plane perpendicular to the paper money thick- 
25 ness direction. If the roller includes a pair of the tapered 
surfaces, and the tapered surfaces is directed to the 
same direction, a rotational moment is restrained from 
being applied to the paper money. 
[0010] If the detector detects an existence of at least 
30 one of a clearance in the paper money extending from 
an edge of the paper money and a clearance in the pa- 
per money prevented from extending from the edge of 
the paper money as the condition of the paper money 
when a luminous degree of the at least one of the light 
35 beam reflected by the paper money and the light beam 
passing through the paper money detected by the light 
beam receiver is more than a predetermined value, ihe 
existence of the clearance or cut in the paper money is 
detected securely. The luminous degree may be an av- 
40 erage luminous intensity, a maximum luminous intensity 
or a total amount of luminous flux in the at least one~of~ 
the light beam reflected by the paper money and the light 
beam passing through the paper money, received by the 
light beam receiver. 
45 [0011] If the light beam receiver detects at least one 
of a luminous degree of the at least one of the light beam 
reflected by the paper money and the light beam pass- 
ing through the paper money received by the light beam 
receiver, and a contrast in the at least one of the light 
50 beam reflected by the paper money and the light beam 
passing through the paper money received by the light 
beam receiver so that a rigidity of the paper money as 
the condition of the paper money is estimated on the 
basis of the at least one of the detected luminous degree 
55 and the detected contrast, the rigidity of the paper mon- 
ey is measured optically. The luminous degree may be 
an average luminous intensity, a maximum luminous in- 
tensity or a total amount of luminous flux in the at least 
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one of the light beam reflected by the paper money and 
the light beam passing through the paper money, re- 
ceived by the light beam receiver. The contrast may be 
a standard deviation of luminous intensity or a difference 
between a maximum luminous intensity and a minimum 
luminous intensity in the at least one of the light beam 
reflected by the paper money and the light beam pass- 
ing through the paper money, received by the light beam 
receiver. 

[0012] If the light beam receiver detects at least one 
of a luminous degree of the at least one of the light beam 
reflected by the paper money and the light beam pass- 
ing through the paper money received by the light beam 
receiver, and a contrast in the at least one of the light 
beam reflected by the paper money and the light beam 
passing through the paper money received by the light 
beam receiver so that a rigidity of the paper money as 
the condition of the paper money is estimated on the 
basis of the at least one of the detected luminous degree 
and the detected contrast, when the luminous degree of 
the at least one of the light beam reflected by the paper 
money and the light beam passing through the paper 
money detected by the light beam receiver is not more 
than a predetermined value, the rigidity of the paper 
money is measured optically while an optical degree 
corresponding to the clearance or cut in the paper mon- 
ey is prevented from being introduced into the estima- 
tion or calculation of the rigidity. The luminous degree 
may be an average luminous intensity, a maximum lu- 
minous intensity or a total amount of luminous flux in the 
at least one of the light beam reflected by the paper mon- 
ey and the light beam passing through the paper money, 
received by the light beam receiver. The contrast may 
be a standard deviation of luminous intensity or a differ- 
ence between a maximum luminous intensity and a min- 
imum luminous intensity in the at least one of the light 
beam reflected by the paper money and the light beam 
passing through the paper money, received by the light 
beam receiver. 

[0013] The light beam receiver may detect at least 
one of the luminous degree of the at least one of the 
light beam reflected by both non-printed (substantially 
white or not-ink-including) area and printed (not-sub- 
stantially-white or ink-including) area of the paper mon- 
ey and the light beam passing through the both non- 
printed area and printed area of the paper money re- 
ceived by the light beam receiver, and a contrast in the 
at least one of the light beam reflected by the both non- 
printed area and printed area of the paper money and 
the light beam passing through the both non-printed ar- 
ea and printed area of the paper money, received by the 
light beam receiver. The detector judges the rigidity of 
the paper money to be less than a predetermined rigidity 
when the at least one of the luminous degree and the 
contrast is less than a predetermined value. 
[0014] The light beam receiver may detect at least 
one of the luminous degree of the at least one of the 
light beam reflected by a non-printed area (substantially 



white or not-ink-including) of the paper money and the 
light beam passing through the non-printed area of the 
paper money received by the light beam receiver, and 
a contrast in the at least one of the light beam reflected 
5 by the non-printed area of the paper money and the light 
beam passing through the non-printed area of the paper 
money, received by the light beam receiver. The detec- 
tor judges the rigidity of the paper money is less than a 
predetermined rigidity when the luminous degree is less 
10 than a predetermined value and/or when the contrast is 
more than a predetermined value. 
[0015] If the paper money deforming device includes 
at least one roller rotatable on an axis parallel to the sec- 
ond direction and a rotatable supplemental roller, the 
'5 roller includes first and second peripheral surfaces 
adapted to contact the money paper in the second di- 
rection and to be pressed against a peripheral surface 
of the supplemental roller, frictional coefficients of the 
first and second surfaces with respect to the paper mon- 
20 ey are different from each other, and the first and second 
surfaces include elastomer, the at least one of the ten- 
sion and the compression force is easily generated with- 
out an inclination of a rotational axis of the roller with 
respect to a rotational axis of a paper money feeding 
25 roller on an imaginary plane perpendicular to the paper 
money thickness direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 



30 [0016] 

Fig. 1 is a schematic cross sectional view showing 
an automated teller machine of the invention. 
Fig. 2 is a schematic cross sectional view showing 
35 a paper money monitoring device of the invention. 

Fig. 3 is an oblique projection view showing a part 
of the paper money monitoring device of the inven- 
tion. 

Fig. 4 is a schematic view showing cuts formed in 
40 a paper money. 

Fig. 5 is a schematic view showing cuts formed in 
a paper money. 

Fig. 6 is an oblique projection view showing a paper 
money deforming device of the invention. 
45 Fig. 7 is an oblique projection view showing another 
paper money deforming device of the invention. 
Fig. 8 is an oblique projection view showing a part 
of another paper money monitoring device of the 
invention. 

50 Fig. 9 is an oblique projection view showing a part 
of another paper money monitoring device of the 
invention. 

Fig. 10 is an oblique projection view showing a part 
of another paper money monitoring device of the 
55 invention. 

Fig. 1 1 is a diagram showing a relationship between 
an anti-bending rigidity ratio (between used paper 
money and new paper money) and an average lu- 
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minance brightness ratio (between used paper 
money and new paper money). 
Fig. 1 2 is a diagram showing a relationship between 
an anti-bending rigidity ratio (between used paper 
money and new paper money) and a standard de- 
viation of luminance brightness ratio (between used 
paper money and new paper money). 
Fig. 1 3 is a diagram showing a relationship between 
an anti-bending rigidity ratio (between used paper 
money and new paper money) and an average lu- 
minance brightness ratio (between used paper 
money and new paper money). 
Fig. 1 4 is a diagram showing a relationship between 
an anti-bending rigidity ratio (between used paper 
money and new paper money) and a standard de- 
viation of luminance brightness ratio (between used 
paper money and new paper money). 
Fig. 1 5 is a schematic cross sectional view showing 
a paper money gateway. 

Fig. 1 6 is a schematic cross sectional view showing 
another paper money monitoring device of the in- 
vention. 

Fig. 1 7 is a view showing another paper money de- 
forming device of the invention. 
Fig. 1 8 is an enlarged view showing a pair of rollers 
of the paper money deforming device of the inven- 
tion. 

Fig. 19 is an oblique projection view showing the 
paper money monitoring device and the paper mon- 
ey deforming device. 

Fig. 20 is a diagram showing a relationship between 
a taper angle of roller of the paper money deforming 
device and a number of money papers having cut 
detected by the paper money monitoring device. 
Fig. 21 is an enlarged view showing a twin-tapered- 
surfaces roller of the paper money deforming de- 
vice of the invention. 

Fig. 22 is a schematic view showing a force applied 
to the paper money by the paper money deforming 
device. 

Fig. 23 is a schematic view showing another force 
applied to the paper money by the paper money de- 
forming device. 

Fig. 24 is a view showing another paper money de- 
forming device of the invention. 
Fig. 25 Is an enlarged view showing another roller 
of the paper money deforming device of the inven- 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] As shown in Fig. 1 , an automated teller ma- 
chine 1 of the present invention has a paper money 
treating device 2 and an interface device 3. The paper 
money treating device 2 takes a paper money into the 
automated teller machine 1 and exposes the paper 
money thereon to be taken by a person operating the 



automated teller machine 1 . The interface device 3 has 
a combination of a monitor display and push-buttons, or 
a touch-panel including the monitor display and touch- 
switches. The person operating the automated teller 

5 machine inputs through the interface device 3 an order 
of, for example, drawing or depositing the money, and 
the interface device 3 indicates an operating method of 
the automated teller machine 1. The automated teller 
machine 1 may include a card treating device, a pass- 
to book treating device and/or a coin treating device. 
[0018] When the person orders depositing the money 
on the interface device 3 S a shutter of a paper money 
gateway 4 is opened so that the stacked paper moneys 
are taken into the automated teller machine 1 . Each of 

*5 the paper moneys is drawn from the paper money gate- 
way 4 by a feeding roller whose outer peripheral surface 
is formed by elastomer to be fed toward a transfer path 
5. The transfer path 5 has, for example, a combination 
of a belt and rollers to transfer the each of the paper 

20 moneys clamped between the belt and rollers rotated 
respectively. A paper money validator 6 measures a 
magnetic and/or optical characteristic of the each of the 
paper moneys to validate whether or not the each of the 
paper moneys is counterfeit. The counterfeit paper mon- 

25 ey and an inappropriate paper money whose size is de- 
creased by a tear or the like is returned to the paper 
money gateway 4 by switching a gate 7. The paper mon- 
ey judged to be appropriate is contained temporarily by 
a container 8. After an amount of the paper moneys in 

30 the paper money gateway 4 calculated by the automat- 
ed teller machine 1 is confirmed through the interface 
device 3 by the person operating the automated teller 
machine 1, the paper moneys are fed to another con- 
tainer 9 through the transfer path 5. If the another con- 

35 tainer 9 has a plurality of container sections 9 corre- 
sponding to respective kinds of paper money, the paper 
money is guided to a suitable one of the container sec- 
tions 9 by switching the gate 7. 

[0019] When the person draws the money from the 

40 automated teller machine 1 , the person orders drawing 
the money through the interface device 3. The paper 
moneys of a required number are fed from the another 
container 9 to the transfer path 5. When a condition of 
the paper money is validated by the paper money vali- 

45 dator 6 to be inappropriate to be drawn out of the auto- 
mated teller machine 1, the inappropriate paper money 
is temporarily contained by the container 8 by switching 
the gate 7. Only the appropriate paper money is fed to 
the paper money gateway 4. After the paper moneys of 

so the required number are contained by the paper money 
gateway 4, the shutter of the paper money gateway 4 is 
opened so that the paper moneys are taken out of the 
automated teller machine 1 by the person, and the in- 
appropriate paper B money is fed from the container 8 

55 to a reject container 1 0. 

[0020] A high reliability of the automated teller ma- 
chine 1 is required because it is used in a self-service 
stand or a shop opened for a whole day. On the other 
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hand, the money paper in a bad condition is generally 
used in the market. The paper moneys with a low rigidity 
and/or cut cause easily a jam thereof when feeding or 
containing them. The jam occurs when the cut in the pa- 
per money is caught by a paper money transfer guide, 5 
or a buckling of the paper money is caused by a low 
rigidity of the paper money at a position along a paper 
money transfer course where a paper money transfer- 
ring force is not applied to a forward end of the paper 
money. A trouble of the paper money having the cut and 
the low rigidity occurs in significantly high probability. 
Therefore, the paper money having the cut and the low 
rigidity should be taken out of the automated teller ma- 
chine t . 

[0021 ] A paper money judging device 20 as shown in 
Fig. 2 is arranged between the paper money gateway 4 
and the container 8 as shown in Fig. 1 . 
[0022] The paper money judging device 20 has a first 
light beam emitter 21 , a second light beam emitter 22, 
a light beam receiver 23, an urging device 24, a calcu- 
lation device 25 and a paper money detector 26. The 
first light beam emitter 21 including, for example, LED 
faces to the light beam receiver 23 through a transferring 
coarse along which the paper money B is transferred. 
The second light beam emitter 22 including, for exam- 
ple, LED is juxtaposed with the light beam receiver 23 
along the transferring coarse. The light beam receiver 
23 including, for example, a line CCD forms an optical 
image of the paper money. The first light beam emitter 
21 , second light beam emitter 22 and light beam receiv- 
er 23 are used to detect or measure a condition of the 
paper money, and the urging device 24 deforms the pa- 
per money B. The calculation device 25 including at 
least a CPU and a memory device treats an optical in- 
formation obtained by the first light beam emitter 21, 
second light beam emitter 22 and light beam receiver 
23. 

[0023] The urging device 24 may have rollers 24 
whose rotational axes are apart from each other and 
whose outer peripheral diameters are equal to each oth- 
er. The paper money detector 26 includes, for example, 
a pair of photo-diode and phototransistor for detecting 
that the paper money exist on an optical axis of the pair 
of photo-diode and phototransistor. 
[0024] A pair of the light beam receivers 23 may be 
used to correspond to respectively the first light beam 
emitter 21 and second light beam emitter 22. When the 
single light beam receiver 23 is used for both the first 
light beam emitter 21 and second light beam emitter 22, 
the first light beam emitter 21 and second light beam 
emitter 22 alternately emit the light beam so that the first 
light beam emitter 21 emits the light beam when the sec- 
ond light beam emitter 22 does not emit the light beam, 
and the first light beam emitter 21 does not emit the light 
beam when the second light beam emitter 22 emits the 
light beam. The light beam receiver 23 may be used for 
the paper money validator 6 so that the paper money 
judging device 20 is incorporated in the paper money 



validator 6. 

[0025] The paper money detector 26 may be ar- 
ranged close to an optical axis between the first light 
beam emitter 21 and light beam receiver 23. The trans- 
fer path 5 includes transfer rollers 27 and transfer guides 
28. At least one of the transfer rollers 27 for urging the 
paper money B forward may be replaced by a flat belt. 
[0026] As shown in Fig. 3, the transfer guides 28 have 
transparent guide members 28T through which the light 
beam passes between thefirst light beam emitter21 and 
the light beam receiver 23 and the second light beam 
emitter 22 and the light beam receiver 23. 
[0027] A timing at which the paper money B trans- 
ferred by the transfer rollers 27 along the transfer guides 
28 reaches the optical axis between the first light beam 
emitter21 and light beam receiver 23 is calculated from 
a timing at which the paper money B transferred by the 
transfer rollers 27 along the transfer guides 28 reaches 
the paper money detector 26 and a lime period in which 
the forward end of the paper money proceeds from the 
paper money detector 26 and to the optical axis between 
the first light beam emitter 21 and light beam receiver 
23 with a constant velocity. 

[0028] As shown in Fig. 4, the cut may be a cut k1 
extending from an outer peripheral edge of the paper 
money or a cut k2 prevented from extending from the 
outer peripheral edge of the paper money. When a width 
of the cut k1 or k2 is large, the light beam proceeds from 
the first light beam emitter 21 to the light beam receiver 
23. Therefore, when an intensity of the light beam or a 
total amount of luminous flux of the light beam received 
by the light beam receiver 23 is more than a predeter- 
mined degree, the calculation device 25 judges that the 
paper money has the cut, that is, when the intensity of 
the light beam orthe total amount of luminous flux of the 
light beam received by the light beam receiver 23 is ex- 
cessively large, the calculation device 25 judges that the 
paper money has the cut. The predetermined degree is 
larger than the intensity of the light beam or the total 
amount of luminous flux of the light beam from the paper 
money without cut received by the light beam receiver 
23. 

[0029] Actually, in many cases, the width of the cut k1 
or k2 is small as shown in Fig. 5. Therefore, in order to 
correctly judge whether or not the that the paper money 
has the cut, it Is preferable for the width of the cut k1 or 
k2 to be expanded by the urging device 24 at at least 
an upstream side of the optical axis between the first 
light beam emitter 21 and light beam receiver 23. 
[0030] As shown in Figs. 6 and 7, since the urging de- 
vice 24 has the rollers 24 whose rotational axes are 
apart from each other and whose outer peripheral diam- 
eters are equal to each other, the paper money is de- 
formed in a paper money thickness direction , so that the 
width of the cut k3 and/or k4 is expanded to pass a large 
amount of the light beam through the cut k3 and/or k4. 
If the light beam cannot proceed through the cut k3 and/ 
or k4 although the width of the cut k3 and/or k4 is ex- 
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panded, a periphery of the cut k3 and/or k4 is made 
more bright by the reflected light beam. A reference val- 
ue of a total amount of luminous flux, a maximum lumi- 
nous intensity, an average luminous intensity of the light 
beam or the like received by the light beam receiver 23 
on the basis of which value whether or not the cut exists 
in the paper money is judged is determined on the basis 
of a total amount of luminous flux, a maximum luminous 
intensity, an average luminous intensity of the light 
beam or the like received by the light beam receiver 23 
when the paper money has no cut. 
[0031] A length m or n of the cut is calculated by the 
calculation device 25 from the image formed by the light 
beam receiver 23, so that the paper money having the 
cut of length m or n more than a predetermined thresh- 
old value is judged to be inappropriate. The judgement 
may be performed on the basis of a maximum distance 
between an end of the cut and the forward or backward 
edge of the paper money, or on the basis of an area 
defined by the cut measured by CCD. 
[0032] As shown in Fig. 8, a width of a cut k4 may be 
expanded by a combination of a pressing roller and an 
pressurized air directed upward, or by a comb shaped 
member for generating a pair of forces away from each 
other in at least one of directions perpendicular to the 
paper money thickness direction and perpendicular to 
each other while directions of the forces are opposite to 
each other, so that the width of the cut is expanded in 
the paper money thickness direction. 
[0033] As shown in Figs. 9 and 1 0, for expanding the 
width of the cut, it is also preferable for the width of the 
cut to be expanded in the direction perpendicular to the 
paper money thickness direction. 
[0034] As shown in Fig. 9, the urging device 24 has 
tapered rollers of frustum-cone with a tapered angle 6 
with respect to the rotational axis thereof, and tapered 
surfaces of the tapered rollers face to each other in the 
rotational axis, so that a part of the paper money is com- 
pressed in the direction perpendicularto the paper mon- 
ey thickness direction and the paper money proceeding 
direction to expand the width of the cut because of a 
difference in tangential velocity between a relatively ra- 
dially inner surface and a relatively radially outer surface 
on each of the tapered surfaces. 
[0035] As shown In Fig. 10, the urging device 24 has 
cylindrical rollers whose rotational axes are inclined with 
respect to the direction perpendicular to the paper mon- 
ey thickness direction and the paper money proceeding 
direction by an angle p, so that a tension is applied to a 
part of the paper money in the direction perpendicular 
to the paper money thickness direction and the paper 
money proceeding direction to expand the width of the 
cut. The existence of the cut may be detected by an 
acoustic sensor. 

[0036] As shown in Fig. 11, because a luminous de- 
gree (an average luminous intensity or luminous bright- 
ness, a maximum luminous intensity or a total amount 
of luminous flux) in the light beam from the paper money 
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and a rigidity of the paper money decrease in accord- 
ance with a used term in the market, a relationship be- 
tween a ratio in luminous degree between a new or un- 
used paper money and each of used paper moneys of 
5 respective used terms and a ratio in anti-bending rigidity 
between the new or unused paper money and the each 
of used paper moneys of respective used terms can be 
formulated. 

[0037] As shown in Fig. 12, because a contrast (a 

10 standard deviation of luminous intensity and a differ- 
ence between a maximum luminous intensity and a min- 
imum luminous intensity) in the light beam from the pa- 
per money and a rigidity of the paper money decrease 
in accordance with a used term in the market, a relation- 

*5 ship between a ratio in contrast between a new or un- 
used paper money and each of used paper moneys of 
respective used terms and a ratio in anti-bending rigidity 
between the new or unused paper money and the each 
of used paper moneys of respective used terms can be 

20 formulated. 

[0038] Therefore, when the luminous degree and/or 
contrast in the light beam from the paper money is less 
than a predetermined threshold value, the paper money 
is judged to be of low-rigidity. 

25 [0039] In Figs. 11 and 12, the luminous degree and 
contrast are measured over a surface including a printed 
area B1 and a non-printed area B2 as shown in Figs. 4 
and 5. Alternately, the luminous degree and contrast 
may be measured over only the non-printed area B2, as 

30 in Figs. 13 and 14. 

[0040] As shown in Fig. 13, the relationship between 
the ratio in luminous degree between the new or unused 
paper money and each of used paper moneys of respec- 
tive used terms and the ratio in anti-bending rigidity be- 

35 tween the new or unused paper money and the each of 
used paper moneys of respective used terms can be for- 
mulated. As shown in Fig. 14, the relationship between 
the ratio in contrast between the new or unused paper 
money and each of used paper moneys of respective 

40 used terms and the ratio in anti-bending rigidity between 
the new or unused paper money and the each of used 
paper moneys of respective used terms can be formu- 
lated. 

[0041] Therefore, when the contrast in the light beam 
45 from the non-printed area B2 of the paper money is more 
than a predetermined threshold value and/or the lumi- 
nous degree in the light beam from the non-printed area 
B2 of the paper money is less than a predetermined 
threshold value, the paper money is judged to be of low- 
50 rigidity, when the luminous degree and contrast are 
measured over only the non-printed area B2. 
[0042] When the cut in the paper money and/or the 
low-rigidity of the paper money more than an acceptable 
value is detected, the paper money is returned to the 
55 paper money gateway 4 so that the inappropriate paper 
money is prevented from being introduced into the au- 
tomated teller machine 1 . 

[0043] The average luminous intensity or luminous 
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brightness and the total amount of luminous flux can be 
measured by luminous flux sensors (for example, pho- 
toconductive elements) other than CCD. 
[0044] As shown in Fig. 15, it is preferable for the pa- 
per money judging device 20 to be arranged close to the 
paper money gateway 4 so that the inappropriate paper 
money is returned to the paper money gateway 4 with- 
out proceeding to the transfer path 5. 
[0045] A shutter 30 is opened to allow the paper mon- 
ey(s) B to be inserted into the paper money gateway 4. 
After the paper money(s) B is inserted into the paper 
money gateway 4, the sh utter 30 is closed and the paper 
money(s) B is pressed between a pressing plate 31 and 
a guide plate 32. The paper money contacting the guide 
plate 32 contacts also a feeding roller 33 having a high- 
friction elastomer outer peripheral surface so that the 
paper money is fed by a rotation of the feeding roller 33. 
A stop roller 34 having a high-friction elastomer outer 
peripheral surface is rotatable in a single direction for 
urging the paper money toward the paper money gate- 
way 4, so that only the paper money contacting the 
guide plate 32 and the feeding roller 33 is fed from the 
paper money gateway 4 to the transfer path 5 and an- 
other paper money not-contacting the guide plate 32 
and the feeding roller 33 is prevented from being fed 
from the paper money gateway 4 to the transfer path 5, 
[0046] While the paper money is fed by the feeding 
roller 33, the existence of the cut in the paper money 
and the low rigidity of the paper money is judged. The 
feeding roller 33 and the stop roller 34 may deform the 
paper money to expand the width of the cut. When the 
not-acceptable existence of the cut in the paper money 
and/or the not-acceptable low rigidity of the paper mon- 
ey is detected, a rotation of the feeding roller 33 is re- 
versed to return the inappropriate paper money to the 
paper money gateway 4. The inappropriate paper mon- 
ey returned to the paper money gateway 4 is kept to 
contact the guide plate 32 so that the inappropriate pa- 
per money is easily removed by an user. 
[0047] It is preferable for determining suitably the pre- 
determined value as the basis on judging the existence 
of the cut in the paper money and the low rigidity of the 
paper money during a minimum time period that a kind 
of the paper money is detected in the paper money judg- 
ing device 20, because the predetermined value varies 
in accordance with the kind of the paper money. The 
kind of the paper money can be measured by the CCD 
for measuring a printed pattern of the paper money or 
a color sensor (a photo-sensor with a color filter) for 
measuring a color of the paper money. . 
[0048] As shown in Fig. 16 : in another paper money 
judging device 50, the paper money B is transferred be- 
tween transfer guides 55a and 55b. A driven shaft 52 is 
pressed against each of an urging shaft 51 and trans- 
ferring shafts 61-63 rotated by a motor (not shown) so 
that the paper money B clamped between the driven 
shaft 52 and each of the urging shaft 51 and transferring 
shafts 61 -63 is transferred by the transferring shafts 



61-63 while a tension is applied to the paper money in 
a paper money width direction perpendicular to the pa- 
per money thickness direction and the paper money 
feeding transferring direction to expand the cut in the 

5 paper money. 

[0049] An image input device 53 includes, for exam- 
ple, a LED and a CCD line sensor so that a light beam 
emitted by the LED and reflected by the paper money 
and/or a light beam emitted by the LED and passing 

10 through the paper money is received by the CCD line 
sensor to input an image of the paper money. An optical 
axis Q2 along which the paper money is scanned by the 
CCD line sensor is distant from the urging shaft 51 by a 
length j1 , and is distant from the transferring shaft 61 by 

is a length j2. It is preferable for securely detecting the cut 
in the paper money that the length j1 is as small as pos- 
sible. 

[0050] The driven shaft 52 and the transfer guide 55b 
are supported on a frame 54b, and the urging shaft 51 , 

20 the transferring shafts 61 -63 and the transfer guides 55a 
and 55b are supported on a frame 54a pivotally connect- 
ed through a pivot 67 to the frame 54b, so that the frame 
54a is swung upward with respect to the frame 54b to 
remove a contaminant or jam from the paper money 

25 judging device 50. A paper money detector 66, a mag- 
netic sensor 64 and a paper money thickness sensor 65 
are arranged adjacent to the transfer guides 55a and 
55b. 

[0051] Fig. 17 is a view showing the paper money 

30 judging device 50 as seen from a direction of arrow Q1 
in Fig. 16. The urging shaft 51 has a shaft 101, rotary 
bearings 102, tapered rollers 103, stop rings 104 and a 
gear 105. The gear 105 is driven by the motor (not 
shown). The tapered rollers 1 03 fixed to the shaft 101 

35 have respective elastomer outer peripheral surfaces ta- 
pered toward a transfer central line Q3. The rotary bear- 
ings 102 support the shaft 101 on the frame 54a in a 
rotatable manner, and stop rings 104 prevent an axial 
movement of the shaft 101. The driven shaft 52 has driv- 

40 en rollers 111 , a shaft 112 and springs 113. The driven 
rollers 1 1 1 fixed to the shaft 1 1 2 is prevented by a trans- 
fer guide 55b from moving axially, and are pressed 
against the tapered rollers 103 by the springs 112. 
[0052] A judge control device 56 is electrically con- 

45 nected to the image input device 53 through a connec- 
tion line 1 21 , and to the paper money detector 66, mag- 
netic sensor 64 and paper money thickness sensor 65 
through a connection line 1 22, so that a timing of image 
input and a detection of the cut in the paper money from 

50 the input image is controlled. 

[0053] A mechanical control device 57 has a mechan- 
ical movement in the automated teller machine 1 , for ex- 
ample, switching the gate 7. The mechanical control de- 
vice 57 is electrically connected to the judge control de- 

55 vice 56 through a connection line 1 23. When the paper 
money B is taken into the automated teller machine 1 
along a normal transfer coarse, the paper money is 
transferred from the gate way 4 through the transfer path 
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5 to be contained temporarily by the container 8. When 
the cut is found in the paper money by the paper money 
judging device 50, the gate 7 is switched to return the 
paper money to the gate way 4. When the cut is found 
in the paper money by the paper money judging device 
50 while the paper money is transferred from the con- 
tainer 8 to the container 9, the gate 7 is switched to trans- 
fer the paper money to the reject container 1 0. 
[0054] As shown in Fig. 1 8, the tapered roller 1 03 has 
a cylindrical outer peripheral surface of width T and a 
tapered outer peripheral surface C. The driven roller 1 1 1 
has a cylindrical outer peripheral surface. In this embod- 
iment, (j> dlmax is about 20 mm, <)> d2 is about 16 mm, 
W is 5mm, T is 0.5 mm, and 6 is 15-45 degrees. 
[0055] ' When the paper money clamped between the 
tapered roller 1 03 and the driven roller 1 11 is transferred 
by rotationally driving the tapered roller 1 03, the tapered 
roller 1 03 is deformed axially in a direction from a small 
diameter toward a large diameter in taper as shown by 
dot-line in Fig. 8, so that a force F is generated to urge 
the paper money in the direction, as shown in Fig. 19. 
A transparent window 53s is arranged to input the image 
of the paper money through the transparent window 53s 
into the CCD line sensor. 

[0056] At least a part of the light beam emitted by a 
LED 53a passes through the cut whose width is expand- 
ed by the force F to be received by a CCD line sensor 
53b so that the cut is measured or detected from the at 
least a part of the light beam detected by the CCD line 
sensor 53b, as shown in Fig. 20. It is preferable for 6 to 
be more than zero and less than 60 degrees, particularly 
to be about 15 degrees. 

[0057] As shown in Fig. 21 , the tapered roller 103 may 
have a pair of the tapered outer peripheral surfaces. Fig. 
22 shows paper money clamping points Pa and Pb at 
which the paper money is clamped between the tapered 
rollers of single tapered surface and the driven rollers, 
tensions Fa and Fb applied to the paper money by the 
tapered rollers of single tapered surface, and rotational 
moments Ma and Mb applied to the paper money by the 
tapered rollers of single tapered surface, each of which 
rotational moments is generated by a difference in paper 
money feeding velocity on the tapered roller. 
[0058] When the tapered roller has the pair of the ta- 
pered outer peripheral surfaces, paper money clamping 
points Pa1 , pa2, Pb1 and Pb2 at which the paper money 
is clamped between the pairs of tapered surfaces of the 
tapered rollers and the driven rollers, tensions Fa and 
Fb applied to the paper money by the tapered rollers, 
and rotational moments Ma1 : Ma2, MM and Mb2 ap- 
plied to the paper money by the pairs of tapered surfac- 
es of the tapered rollers, are formed as shown in Fig. 
23. The rotational moments Ma1 and Ma2 cancel each 
other, and the rotational moments Mb1 and Mb2 cancel 
each other. Therefore, only the tensions Fa and Fb are 
applied to the paper money. 

[0059] As shown in Fig. 25, the tapered roller 103 may 
be replaced by a friction roller 105 including a high-fric- 
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tional-coefficient outer peripheral elastomer surface 
105a and a low high-frictional-coefficient outer periph- 
eral elastomer surface 105b including a fluorocarbon 
resin or the like. When a driven roller is pressed against 

5 the friction roller 1 05 by a force N, the outer peripheral 
elastomer surfaces 105a and 105b project axially as 
shown by a dot-line in Fig. 25. Since a frictional-coeffi- 
cient of the outer peripheral elastomer surface 105a is 
larger than that of the outer peripheral elastomer surface 

10 105b, the paper money is urged from the outer periph- 
eral elastomer surface 1 05b toward the outer peripheral 
elastomer surface 1 05a so that the tension is applied to 
the paper money to expand the width of the cut when 
the outer peripheral elastomer surface 1 05b is arranged 

*s between the transfer central line Q3 and the outer pe- 
ripheral elastomer surface 105a. 
[0060] The transferring shaft 61 may be replaced by 
the urging shaft 51 so that the cut is expanded for a long- 
er time period and at a longer length thereof. 

20 

Claims 

1. An automated teller machine for handling a paper 
25 money (B), comprising, 

a paper money path (5) for transferring the pa- 
per money (B) along a predetermined direction, 
and 

30 a detector (20) for measuring a condition of the 

paper money (B), comprising a light beam emit- 
ter (21 , 22) for emitting a light beam toward the 
paper money (B), and a light beam receiver (23) 
for receiving at least one of the light beam re- 
35 fleeted by the paper money (B) and the light 

beam passing through the paper money (B). 

2. An automated teller machine according to claim 1 , 
further comprising a paper money deforming device 

40 (24; 103, 111; 105, 111) for applying to the paper 
money (B) at least one of a tension in at least one 
of a first direction parallel to the predetermined di- 
rection and perpendicular to a paper money thick- 
ness direction and a second direction perpendicular 
45 to the predetermined direction and the paper money 
thickness direction, a compression force in at least 
one of the first and second directions, and a pair of 
forces away from each other in at least one of the 
first and second directions while directions of the 
50 forces are opposite to each other, so that at least 
one of a width of a clearance in the paper money 
(B) extending from an edge of the paper money (B) 
and a width of a clearance in the paper money (B) 
prevented from extending from the edge of the pa- 
ss per money (B) is expanded by the paper money de- 
forming device (24; 1 03, 1 1 1 ; 1 05, 1 1 1 ). 

3. An automated teller machine according to claim 2, 
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wherein the at least one of the tension, the com- 
pression force and the pair of forces is applied to 
the paper money at at least one of upstream and 
downstream sides of the detector (20) in the prede- 
termined direction. 5 

4. An automated teller machine according to claim 2. 
wherein the paper money deforming device in- 
cludes at least one roller (103) rotatable on an axis 
parallel to the second direction and a rotatable sup- 
plemental roller (111), the roller includes a tapered 
surface adapted to contact the money paper in the 
second direction and to be pressed against a pe- 
ripheral surface of the supplemental roller, and the 
tapered surface includes elastomer. 

5. An automated teller machine according to claim 4, 
wherein the roller (103) includes a pair of the ta- 
pered surfaces, and the tapered surfaces is direct- 
ed to the same direction. 

6. An automated teller machine according to claim 1 , 
wherein the detector (20) detects an existence of at 
least one of a clearance in the paper money (B) ex- 
tending from an edge of the paper money (B) and 
a clearance in the paper money (B) prevented from 
extending from the edge of the paper money (B) as 
the condition of the paper money (B), when a lumi- 
nous degree of the at least one of the light beam 
reflected by the paper money (B) and the light beam 
passing through the paper money (B) detected by 
the light beam receiver (23) is more than a prede- 
termined value. 

7. An automated teller machine according to claim 1, 
wherein the light beam receiver (23) detects at least 
one of a luminous degree of the at least one of the 
light beam reflected by the paper money (B) and the 
light beam passing through the paper money (B) re- 
ceived by the light beam receiver (23), and a con- 
trast in the at least one of the light beam reflected 
by the paper money (B) and the light beam passing 
through the paper money (B) received by the light 
beam receiver (23) so that a rigidity of the paper 
money (B) as the condition of the paper money (B) 
is estimated on the basis of the at least one of the 
detected luminous degree and the detected con- 
trast. 

8. An automated teller machine according to claim 6, 
wherein the luminous degree is determined on the 
basis of at least one of an average luminous inten- 
sity, a maximum luminous intensity and a total 
amount of luminous flux in the at least one of the 
light beam reflected by the paper money (B) and the 
light beam passing through the paper money (B), 
received by the light beam receiver (23). 



9. An automated teller machine according to claim 7, 
wherein the luminous degree is determined on the 
basis of at least one of an average luminous inten- 
sity, a maximum luminous intensity and a total 
amount of luminous flux in the at least one of the 
light beam reflected by the paper money (B) and the 
light beam passing through the paper money (B), 
received by the light beam receiver (23). 

10. An automated teller machine according to claim 7, 
wherein the contrast is determined on the basis of 
at least one of a standard deviation of luminous in- 
tensity and a difference between a maximum lumi- 
nous intensity and a minimum luminous intensity in 
the at least one of the light beam reflected by the 
paper money (B) and the light beam passing 
through the paper money (B), received by the light 
beam receiver (23). 

11. An automated teller machine according to claim 1 , 
wherein the light beam receiver (23) detects at least 
one of a luminous degree of the at least one of the 
light beam reflected by the paper money (B) and the 
light beam passing through the paper money (B) re- 
ceived by the light beam receiver (23), and a con- 
trast in the at least one of the light beam reflected 
by the paper money (B) and the light beam passing 
through the paper money (B) received by the light 
beam receiver (23) so that a rigidity of the paper 
money (B) as the condition of the paper money (B) 
is estimated on the basis of the at least one of the 
detected luminous degree and the detected con- 
trast, when the luminous degree of the at least one 
of the light beam reflected by the paper money (B) 
and the light beam passing through the paper mon- 
ey (B) detected by the light beam receiver (23) is 
not more than a predetermined value. 

1 2. An automated teller machine according to claim 1 1 , 
wherein the luminous degree is determined on the 
basis of at least one of an average luminous inten- 
sity, a maximum luminous intensity and a total 
amount of luminous flux in the at least one of the 
light beam reflected by the paper money (B) and the 
light beam passing through the paper money (B), 
received by the light beam receiver (23). 

1 3. An automated teller machine according to claim 1 1 , 
wherein the contrast is determined on the basis of 
at least one of a standard deviation of luminous in- 
tensity and a difference between a maximum lumi- 
nous intensity and a minimum luminous intensity in 
the at least one of the light beam reflected by the 
paper money (B) and the light beam passing 

. through the paper money (B), received by the light 
beam receiver (23). 

14. An automated teller machine according to claim 7, 
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wherein the light beam receiver (23) detects at least 
one of the luminous degree of the at least one of 
the light beam reflected by both non-printed area 
and printed area of the paper money (B) and the 
light beam passing through the both non-printed ar- 5 
ea and printed area of the paper money (B) received 
by the light beam receiver (23), and a contrast in 
the at least one of the light beam reflected by the 
both non-printed area and printed area of the paper 
money (B) and the light beam passing through the 10 
both non-printed area and printed area of the paper 
money (B), received by the light beam receiver (23). 

1 5. An automated teller machine according to claim 1 4, 
wherein the detector (20) judges the rigidity of the '5 
paper money (B) to be less than a predetermined 
rigidity when the at least one of the luminous degree 
and the contrast is less than a predetermined value. 

16. An automated teller machine according to claim 7, 20 
wherein the light beam receiver (23) detects at least 
one of the luminous degree of the at least one of 
the light beam reflected by a non-printed area of the 
paper money (B) and the light beam passing 
through the non-printed area of the paper money 2S 
(B) received by the light beam receiver (23), and a 
contrast in the at least one of the light beam reflect- 
ed by the non-printed area of the paper money (B) 
and the light beam passing through the non-printed 
area of the paper money (B), received by the light so 
beam receiver (23). 

17. An automated teller machine according to claim 16, 
wherein the detector (20) judges the rigidity of the 
paper money (B) is less than a predetermined rigid- 35 
ity when the luminous degree is less than a prede- 
termined value. 

1 8. An automated teller machine according to claim 1 6, 
wherein the detector (20) judges the rigidity of the 40 
paper money (B) is less than a predetermined rigid- 
ity when the contrast is more than a predetermined 
value. 

19. An automated teller machine according to claim 2, *5 
wherein the paper money deforming device (105, 
111) includes at least one roller (105) rotatable on 

an axis parallel to the second direction and a rotat- 
able supplemental roller (111), the roller includes 
first and second peripheral surfaces adapted to so 
contact the money paper (B) in the second direction 
and to be pressed against a peripheral surface of 
the supplemental roller, frictional coefficients of the 
first and second surfaces with respect to the paper 
money (B) are different from each other, and the first 55 
and second surfaces include elastomer. - 
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